In Part I the authors have shown that heating sources in spring over the Tibetan Plateau (TP), and in particular the sensible heat flux (SHF), exhibit a significant weakening trend since the mid-1980s that is induced mainly by decreased surface wind speed. The possible reason of such a change is further investigated in Part II by analyzing historical observations and the NCEP/Department of Energy (DOE) reanalysis. The steady declining trend in the surface wind speed over the TP after the 1970s arises mainly from the zonal component. Since the mean altitude of the TP is about 600 hPa and the surface flow is controlled by the East Asian subtropical westerly jet (EASWJ) for most parts of the year, the substantial tropospheric warming in the mid-and high latitudes to the north of the plateau results in a decrease of the meridional pressure gradient in the subtropics. As a result, the EASWJ and the surface winds over the TP are decelerated. Moreover, changes of the general circulation in the twentieth century simulated by 16 coupled climate models driven by natural and anthropogenic forcings are examined. Intercomparison results suggest that sulfate aerosol indirect effects and ozone may be important in reproducing the weakening trend in EASWJ. Although nearly half of the models can successfully reproduce the observed trends in the EASWJ during the last two decades, there is an obvious spread in simulation of the spatial patterns of twentieth-century tropospheric temperatures, suggesting significant room still exists for improvement of the current state-of-theart coupled climate models.
Introduction
Because of its significant mechanical and thermal forcings, the Tibetan Plateau (TP) exerts great influences upon the neighboring circulation pattern and the downstream weather and climate anomalies (e.g., Yin 1949; Yeh and Zhu 1955; Flohn 1957; Hahn and Manabe 1975; Yeh and Gao 1979; Yanai et al. 1992 ). On the interannual time scale, for example, a clear positive correlation exists between the spring heating source over the TP and the subsequent summer monsoon precipitation in the valleys of the Yangtze River and Huaihe River, whereas a negative correlation is obvious between the spring TP heating and the summer rainfall in north China (Zhao and Chen 2001; Duan et al. 2005) . Besides the thermal forcing of the TP, activities of cold air in the mid-and higher latitudes, variations of the subtropical high over the western Pacific, the ENSO cycle, and the land-air interaction also modulate the interannual variability of the East Asian summer monsoon (EASM) to a different degree (e.g., Tao and Chen 1987) . Based on meteorological station observations and satellite data, in Part I of this study (Duan and Wu 2008 , hereafter Part I) we found that the strength of the spring heat source over the TP, which depends largely on the component of sensible heat flux (SHF), has experienced a significantly weakening trend during the period of 1980-2003. The steady decline of surface wind speed contributes largely to such a change in SHF.
However, recent observational evidence indicates that EASM precipitation in the valleys of the Yangtze River and Huaihe River increased substantially after the 1970s, accompanied by aggravated drought in North China and floods in South China (Hu et al. 2003; Ding and Sun 2004 ). An inconsistency thereby exists between the interannual and interdecadal variations in spring TP thermal forcing and the EASM. In addition, the steady declining trend in wind speed is a widespread phenomenon over East Asia (EA) , not only on the surface (Xu et al. 2006) , but also in the mid-and lower troposphere (Duan 2007) . All these facts imply that there might be a change in large-scale circulation responsible for the weakening trend in both the spring TP heating source and the EASM.
Some analyses and modeling results suggest that the interdecadal variability of the general circulation in the Northern Hemisphere is a result of the interdecadal variability of sea surface temperatures (SST) over the central and eastern tropical Pacific, and that the impact is realized mainly through the Pacific-North American (PNA)-like pattern (e.g., Nitta and Yamada 1989; Trenberth and Hurrell 1994) . Hu (1997) argues that the interdecadal variability of summer rainfall and temperatures over EA is largely influenced by the change of SST and convective activity in the tropical Indian Ocean and tropical western Pacific through intensifying the Hadley cell and the subtropical high. In reality, the climate variability in EA is extremely complicated because of the complex interlacing of land-sea surfaces in the geographic location, gigantic topographic effects, and the variety of underlying surfaces. Besides the signals originating from the tropics, substantial climate warming in the mid-and high latitudes over eastern Eurasia is another likely factor in determining the trend in the EASM system. Recently, Xu et al. (2006) explored this possibility and emphasized the local impacts from human activities such as air pollution.
The main objectives of this paper, therefore, are to clarify the connection between the change in surface wind speed over the TP and the large-scale circulation shift through data diagnosis and multimodel intercomparison. The organization of this text is as follows. Section 2 gives a brief description of data and models. Section 3 investigates the association of the change of the East Asian subtropical westerly jet (EASWJ) with the trend in heating sources over the TP. In section 4, 16 climate models results are evaluated to illustrate the impacts of global warming on the general circulation shift. Section 5 summarizes the major results and provides some discussion.
Data and models

a. Data
Six-hourly wind direction at 10 m above the surface of 71 regular surface meteorological observation stations in the central and eastern TP (CE-TP) and 3 in the western TP (W-TP) are provided by China Meteorological Administration (CMA; detailed information about this dataset is explained in section 2 of Part I). As introduced in Part I, to ensure a reliable outcome, the temporal evolution of data from 37 stations in the period of 1961-2003 and 71 stations in 1980-2003 are compared simultaneously in the CE-TP. The 26-yr (1979 The 26-yr ( -2004 monthly mean air temperature, geopotential height, zonal and meridional wind speed, and vertical velocity fields in the National Centers for Environmental Prediction/Department of Energy (NCEP/DOE) reanalysis 2 (Kanamitsu et al. 2002;  for details see http://www.cpc.ncep.noaa.gov/products/ wesley/reanalysis2/kana/reanl2-1.htm) are adopted to investigate the large-scale circulation variation. The horizontal resolution is 2.58 3 2.58 for these variables at 17 standard pressure levels, and 500 hPa is chosen to represent the lower free atmosphere over the TP. Despite some intrinsic limitations of the quality of reanalysis, especially for surface variables, it is acceptable to investigate the evolution and pattern for large-scale circulation in the upper atmosphere. For example, using the NCEPNational Center for Atmospheric Research (NCAR) reanalysis, Yu et al. (2004) found a distinctive strong tropospheric cooling trend (1980-2001 minus 1958-79) in EA during July and August at 200 hPa, accompanying the southward shift of the upper-level westerly jet stream over EA. By comparing three meteorological reanalysis [NCEP-NCAR, NCEP/DOE, and the 40-yr European Centre for Medium-Range Weather Forecasts (ECMWF) Re-Analysis (ERA-40; Uppala et al. 2005) ] with three outgoing longwave radiation (OLR) datasets, Hu and Fu (2007) showed that the Hadley circulation has had a significant expansion of about 28 to 4.58 latitude in summer and fall since 1979. Over the TP, the observed warming trend in the midtroposphere and a cooling trend in the lower stratosphere can be identified from ERA-40 to a considerable degree (Duan et al. 2006 ).
b. Model
The 16 coupled atmosphere-ocean general circulation models (AOGCMS) employed in this study are based on the contributions to the Coupled Model Intercomparison Project (CMIP) for the Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report (AR4). General information, together with the natural and anthropogenic forcings used by the different modeling groups (for details about these models see http:// www-pcmdi.llnl.gov/ipcc/about_ipcc.php) is listed in Table 1 . The horizontal resolution varies from 48 3 58 (GISS-ER) to 1.406 258 3 ;1.406 258 (CCSM3.0). The simulation scenario is the twentieth-century climate in coupled models (20C3M), in which the forcings are the combinations of greenhouse gases, sulfate aerosols, ozone, volcanic aerosols, and solar variability based on the historical data. Well-mixed greenhouse gases (GHGs) (Zhou and Yu 2006) , and GFDL CM2.1 and MIROC3.2(medres) have good performance in reproducing the surface and upper-atmospheric temperature trends over the TP and China (Duan et al. 2006; Duan 2007) . As in Part I, linear variation rate (LVR) is used to depict the trend in meteorological variables, and the 95% confidence level is defined as the threshold of significant change.
Mechanism of the weakening trend in the SHF
a. Connection between surface wind over the TP and the EASWJ
The TP is located in the subtropics, and meteorological stations are usually established on plains or in the valleys of the east-west-oriented mountains, and thus the near-surface wind direction is typically westerly or southwesterly. Figure Figure 2 shows the seasonal mean temporal evolution of surface wind direction over the CE-TP. Generally, there has been no significant change in the spring surface wind direction during the entirety of the last four decades. However, after the late 1980s, there is an increasing trend in the westerly component during spring and summer (JJA), and an increasing trend in Fig. 3) is very similar to that in the CE-TP, with an obvious southwesterly in JJA and strong westerlies in DJF. However, compared to the 1980s, the wind direction in the 1990s exhibits a larger seasonal variation, with a remarkably intensified southerly (northerly) component in JJA (DJF).
As revealed in Part I, the weakening trend in the wind speed over the TP occurs in the whole mid-and lower troposphere throughout most parts of the year. Naturally, people would like to connect this change to the shift in the large-scale circulation. In the upper troposphere and lower stratosphere, a narrow but strong westerly belt with large horizontal and vertical wind shears exists over subtropical East Asia, and it is known as the EASWJ. The EASWJ exhibits robust seasonal evolutions in both intensity and location and is closely linked to the monsoon climate in EA (Yin 1949; Yeh and Zhu 1955; Zhang et al. 2006) . The tropospheric air current over the TP is controlled by the strong EASWJ except in summer, when the EASWJ weakens substantially and moves poleward to the north of the TP (Fig. 4) . The huge topography poses an obstacle for the westerly jet and splits it into two branches to the north and south borders of the plateau, resulting in a relatively weak wind region of typically less than 10 m s 21 at 500 hPa over the TP domain. On the other hand, the existence of the TP helps to maintain the core of the jet over the North Pacific downstream of the TP.
The strongest EASWJ appears in winter (;16 m s 21 ) and spring (;12 m s 21 at 500 hPa). In summer, however, owing to the activity of the EASM and the substantially strengthened poleward wind component, the EASWJ reduces to about 5 m s 21 . Note that 500 hPa represents the midtroposphere to the north and south sides of the plateau but is just above the lower boundary within the TP domain. According to the geostrophic balance relationship, the intensity of near-surface wind over the TP actually relies on the pressure gradient to its north and south sides. In the vertical direction, the core of the EASWJ inclines poleward slightly, with a maximum near 200 hPa (figure not shown). Typically the poleward tropospheric temperature gradient leads to zonal westerlies over the subtropics, as well as mid-and high latitudes, as seen before. In the tropics, the poleward isotherms are flat with the warm center usually located to the south side of the huge orography (roughly at 208N). As a part of the global circulation system, the mean easterly and westerly belts are closely connected with the meridional circulation in the vertical. Corresponding to the seasonal evolution of the EASWJ, the strongest and weakest Hadley cell circulations appear in winter and summer, respectively. In winter, the ascending branch moves southward to the Southern Hemisphere and the descending branch dominates the tropical and subtropical regions. In summer, the diminished meridional temperature gradient, together with the EASM precipitation accompanying ascending motion, impairs substantially the local Hadley cell. Spring and autumn are the so-called transition seasons between summer and winter, and the intensity and extent of the Hadley cell is medium. As discussed by many authors (e.g., Yeh and Gao 1979; Yanai et al. 1992) , owing to strong heating during the summer half of the year, the vigorous ascending motion over the TP is accompanied by a reversed monsoon cell with compensating descending motion to both sides. This tends to reduce the local Hadley cell and Ferrel cell in MAM and JJA.
b. Trends in EASWJ
To conveniently investigate the change in the EASWJ, we define an index by calculating the average of the 500-hPa zonal wind speed within the EA domain (dashed box in the top left panel of Fig. 4 ) because 500 hPa generally represents the lower free atmosphere above the TP. The temporal evolution and the corresponding LVR of the EASWJ index are exhibited in Fig. 6 . Compared to the significant decreasing trend in the zonal wind, the change of the 500-hPa meridional wind in the same domain is negligible ( figure not shown) . Therefore, the weakening trend in the surface and tropospheric wind over the TP and EA occurs primarily in the zonal component.
The geostrophic balance relationship suggests that such a large-scale change in zonal wind speed should be induced by the reduction of the in situ meridional pressure gradient. To clarify this point, in Fig. 7 we show the spatial distribution of LVR in air temperatures, geopotential heights, and zonal wind speed at 500 hPa. From spring to summer, a warming trend of more than 0.48C decade 21 exists over Baikal and Mongolia, and the warming center moves southeastward to north China, Japan, and the North Pacific in autumn and winter. Moreover, another warming center with comparable LVR can be seen from the Kamchatka Peninsula to Alaska in spring. Northwest from the Siberian and Mongolian warming center, a cooling center (20.48C decade
21
) exists from summer to winter. Noteworthy is that the signal in temperature changes is much weaker in tropical Asia. Solomon et al. (2007) have also reported a generally larger warming amplitude over the midlatitudes than the tropics for both the surface and the troposphere during 1979-2005. To the east of the TP, there is a summer cooling center with LVR of 20.28C decade 21 over central and southern China, which has been documented by Yu et al. (2004) and linked with stratospheric cooling and the interaction FIG. 7 between the stratosphere and troposphere. As a result of temperature changes, geopotential height rises in warming areas and drops in cooling areas. Such a change in geopotential heights over the Asian continent (5-10 gpm decade
) enhances the climate mean Mongolian ridge in spring and summer and weakens the EA trough in autumn and winter. It further leads to a diminished meridional pressure gradient and a subsequently weakened zonal geostrophic wind to the south of the warming center. Similar to temperature and geopotential height, the change of the zonal wind speed is also seasonally dependent. A continental center with decreasing speeds of 20.2 m s 21 decade 21 appears in the region of 308-458N, 808-1208E during spring and summer. In autumn and winter, it merges with another center over the North Pacific at the same latitudes. The EASWJ, therefore, has exhibited a pronounced declining trend during the last two decades, which can be attributed to the decreased meridional temperature and pressure gradients. The declining trend in the subtropical westerly jet is accompanied by an intensifying trend in the zonal wind over mid-and high latitudes. Also, regional features of climate change are evident. Two centers of LVR in the 500-hPa EASWJ can be seen over eastern China (20.8 ), with a remarkable equatorward shift from summer to winter.
Based on the principle of thermal wind, the variation of zonal wind with altitude depends on the meridional gradient of air temperatures. If air temperatures are decreased poleward, the westerlies increase or the easterlies decrease with altitude. The decreasing trend in the poleward temperature gradient at 500 hPa should be accompanied by a large declining trend in the westerlies in the upper troposphere over the TP, and this is true as shown in Fig. 11 of Part I, in which one can see a center of decreasing wind, as measured by 12 nearby radiosonde stations near 250 hPa in March and April during 1980-2003.
The increasing trend of surface temperatures induces a trend of enhanced convective activity over the tropical Indian Ocean and tropical western Pacific (Nitta and Yamada 1989) . As a result, the Hadley cell is intensified and it further leads to a positive anomaly and southwest extension of the subtropical high. Hu (1997) and Gong and Hu (2002) indicated that heating in the Indian Ocean may play a key role in the interdecadal variation of the summer climate in China via such a circulation shift. The trend for temperature profiles and local meridional circulations, in terms of the constructed vector from LVRs of meridional wind speed and vertical motion during the period of 1979-2003, is presented in Fig. 8 . The most significant change in the tropospheric air temperature is the striking warming center near the North Pole (18C decade 21 ). Over the tropics and midlatitudes, a 0.28-0.48C decade 21 warming trend occurs in the mid-and lower troposphere, with larger amplitudes appearing to the north of the seasonal mean EASWJ. Above it, a clear cooling trend exists in the upper troposphere and lower stratosphere. On the other hand, the change in the local meridional circulation over EA features a coherent weakening trend in the Ferrel cell throughout the year, with anomalous upward (downward) motion near 408N (608N). A similar result has been reported by Hu et al. (2005) and Hu and Fu (2007) in two other widely used reanalysis datasets, that is, NCEP-NCAR reanalysis (Kalnay et al. 1996) and ERA-40. On the other hand, the trend in the local Hadley cell is somewhat more complicated, with an intensifying trend in DJF. In JJA the monsoon cell, which is related to the Hadley cell, presents a clear strengthening trend. In fact, excessive monsoon rainfall in the valleys of the Yangtze River and Huaihe River after the 1970s has been considered as a symbol of recent climate change in China (Hu et al. 2003; Ding and Sun 2004) . In MAM and SON, the equatorward ascending branch features a weakening trend, but the descending branch around 308N shows an opposing intensifying trend, leading to a blurry signal for the trend of the local Hadley cell.
According to the dynamics of the general circulation (Holton 1992) , a decrease in the meridional temperature gradient will induce a trend in the atmospheric baroclinicity and the regional Eliassen-Palm (E-P) flux divergence. Because the Ferrel cell is driven by eddy activity, such a change should be responsible for a weakening trend in the Ferrel cell. Recently Hu and Fu (2007) found the trend in the global Hadley cell has been characterized by poleward expansion and broadening of the cell in summer and fall since 1979. Possible mechanisms include the enhanced greenhouse effect induced weakening of baroclinic wave activity (Lu et al. 2007 ), ozone depletion (Polvani and Kushner 2002) , regional factors such as increase in black carbon concentrations in southern China (Menon et al. 2002) , and tropospherestratosphere exchange (Fueglistaler and Haynes 2005) .
Change of large-scale circulation in climate models
Significant surface warming in the second half of the twentieth century in China, especially in northern China and in winter, has been reported in a number of studies (e.g., Karl et al. 1991; Wang and Gaffen 2001) and correlated with global warming. For Eurasia, the larger land surface warming amplitude in the mid-and high latitudes than in the tropics has been listed as one of the most significant features of global change (Solomon et al. 2007 ). Zhou and Yu (2006) examined changes of the surface air temperature over China and the globe in the twentieth century simulated by 19 coupled climate models (including all 16 models in this study) driven by historical natural and anthropogenic forcings. Results indicate that most models except CSIRO Mk3.0 and FGOALS-g1.0 perform well in simulating both the global and the Northern Hemispheric mean surface air temperature evolution of the twentieth century. Unfortunately, present AOGCMs have serious defects in simulating regional climate. Kang et al. (2002) demonstrated that none of 10 models participating in the Climate Variability and Predictability (CLIVAR)/Monsoon GCM Intercomparison Project can realistically reproduce the observed mei-yu rain belt, and the situation is improved only slightly for the 16 AOGCMs participating in the second phase of the Coupled Model Intercomparison Project (CMIP2; Meehl et al. 2000) . Hu et al. (2003) indicated that only three among these can reproduce the major features of the observed summer precipitation shift in China under the background of global warming. As introduced in section 2, the 16 AOGCMs investigated in this study come from CMIP3, with improved schemes for physical processes, increased spatial resolution, and the use of more natural and anthropogenic forcing factors.
The capability of AOGCMs to mimic the basic circulation pattern is a prerequisite to reproduce the past climate change and project the future climate trend. Since climate change is seasonally dependent and the most significant weakening trend in both SHF and the surface wind speed occurs in spring after the 1970s, here we focus on the changes in spring temperature and circulation of the numerical simulation results. In Fig. 9 we give the zonal wind speed at 500 hPa in MAM for each model. Although spatial resolution and schemes for physical process parameterization are different among those models, the basic features such as the location and intensity of the EASWJ generated agree well with the observations (top left panel in Fig. 4) . The simulated strongest EASWJ occurs in IPSL CM4, in which the magnitude of wind speed usually exceeds 30 m s 21 in the North Pacific jet core. The simulated 500-hPa air temperatures in all 16 AOGCMs under the 20C3M scenario do exhibit a clear trend over the Northern Hemisphere during 1979-2000, whereas a large spread exists in both amplitude and distribution among the 16 models (Fig. 10) . Generally, the simulated temperature trend in CSIRO Mk3.0, GISS-AOM, MIROC3.2(medres), and MPI ECHAM5 are similar to that in NCEP/DOE within the Eurasian domain, and all of them successfully reproduce the warming center around Baikal, with a comparable magnitude of about 0.68C decade 21 . The feature of a larger warming trend in midlatitudes of Eurasia than in tropics is also reproduced in GISS-ER and UKMO HadGEM1, although the warming center moves somewhat to midlatitudes. However, in CNRM-CM3, INM-CM3.0, IPSL CM4, and UKMO HadCM3, the warming area in the mid-and high latitudes of Eurasia is replaced by a reversed cooling trend, accompanied by a subtropical warming belt covering from eastern China to the northern Pacific. Significant warming trend over the polar region is an important feature of the recent global warming, whereas a revised cooling trend occurs in CCSM3.0, CSIRO Mk3.0, FGOALS-g1.0, and MRI CGCM2.3.2. In fact, the large spread of the LVR in air temperature given by those models exists at all levels, with a similar spatial distribution from the surface to 300 hPa (figures not shown).
Consequently, the responses of the EASWJ to global warming, in terms of the 500-hPa EASWJ index in MAM during 1979 MAM during -2000 , are also variable among these models (Fig. 11) . Considering the fact that the intensity of the climatological mean EASWJ varies among these models, to compare them conveniently, here we use the anomaly of the EASWJ index, with a reference period of 1979-2000. The corresponding LVR is also marked at the upper-right position in each panel. As indicated in , respectively. However, in CGCM3.1(T47), INM-CM3.0, IPSL CM4, and MRI CGCM2.3.2, we see a significant intensifying trend in the EASWJ, and there is no significant change in the rest of the models. Table 1 shows that there is no direct relationship between the model resolution and the capability of reproducing the change in the EASWJ. Notice that the common forcing fields of greenhouse gases and sulfate aerosol direct effects have been imposed in all models, whereas the other influences such as sulfate aerosol indirect effects and tropospheric and stratospheric ozone are simultaneously included only in 5 of 6 models that have successfully reproduced the weakening trend in EASWJ. This implies the importance of the latter in influencing the temperature trend. Indeed, the role of sulfate aerosol indirect effects in influencing EASM activity and climate change during the last half of the twentieth century in EA has been emphasized separately by Qian and Giorgi (1999 ), Xu (2001 ), and Lau et al. (2008 . On the other hand, ozone depletion in EA has been demonstrated as having a direct connection with the recent local temperature change in the upper atmosphere through both data analysis and numerical modeling (Zhou and Zhang 2005; Duan 2007 ). The relative importance of all these natural and anthropogenic forcings and the physics governing these responses need further investigation in the future. Cloud-radiation feedback in AOGCMs and atmospheric teleconnections may also have contributions. However, this is beyond the scope of this study.
On the time sale of interannual variability, the difference between models and NCEP/DOE is remarkable. For example, in NCEP/DOE, the weakest EASWJ happens in 1981 and 1997, but none of these models can reproduce both of them. It suggests that there is still room to improve the current state-of-art coupled climate models so as to capture the atmospheric variability in all time scales.
As discussed before, in the free atmosphere, meridional geostrophic balance determines the seasonal mean zonal wind in both sign and strength. Hence the change in the EASWJ must be accompanied by a reduction of the meridional temperature and pressure gradients along the jet axis. This point is further verified in Fig. 12 , in which the temperature difference between two boxes (358-558N, 1208E-08 and 158-358N, 708-1208E) is defined as the EASWJ related meridional temperature gradient. Obviously, the temperature gradient is proportional to the strength of the EASWJ, and a coherent trend between them can be seen in all 16 models. Note that the meridional temperature gradient is negative, and a positive LVR means a reduction of it.
Summary and discussion
In Part I we have shown an obvious weakening trend in the heating source over the TP during 1980-2003. SHF acts as a dominant component of the total heating source in spring, and its weakening trend is induced mainly by declined surface wind speed. Using historical records and NCEP/DOE reanalysis, the mechanism of such a change, and in particular its relationship with the large-scale circulation shift under the background of the twentieth-century global warming, is further investigated in this paper. In addition, a multimodel intercomparison is carried out to verify the diagnosis results. The major conclusions are summarized as follows:
d During the period of 1979-2003, substantial warming in the mid-and high latitudes over eastern Eurasia leads to decreased meridional temperature and pressure gradients over the subtropics to the south. As a consequence of the geostrophic balance relationship, the EASWJ presents a significant decreasing trend throughout most parts of the year. Since the near-surface winds over the TP depend mainly on the midtropospheric EASWJ, which straddles the TP in all seasons except in summer, the declined wind speed and the suppressed spring heating source over the TP are closely related to the decreasing trend in EASWJ. When driven by historical natural and anthropogenic forcings, most of the current state-of-the-art coupled climate models perform acceptably in simulating the major variations of the surface air temperature averaged over China, whereas there are large deficiencies in simulating the spatial distributions (Zhou and Yu 2006) . Here, we show that this is also true in the upper layers. To understand what causes the spread among different climate models is not only critical for recognizing the role of climate variability, but it is also beneficial to improvement of the climate models. In this regard, it is desirable to further evaluate the relative importance of the parameterization schemes for physical processes such as cloud-radiation feedback and convective activity. Hori and Ueda (2006) investigated the impacts of global warming on the EA winter monsoon in the future by using 9 AOGCMS (8 of them are employed in this study). Their results suggest that, under a global warming scenario, most models show a weakening trend in the EA winter monsoon, accompanied by a strong anticyclonic anomaly over the North Pacific corresponding to a weakened and/or northern shifted Aleutian low. As a result, the pressure gradient along the eastern coast of the Eurasian continent, the local Hadley circulation, and the EASWJ will be reduced. As discussed in section 3, all these phenomena have already happened during recent decades, and the simulation results in this study resemble those in Hori and Ueda (2006) , although some details are different.
Climate variations are well known for their complexity due to the impacts of many factors over a wide range of spatial and temporal scales. Yu and Zhou (2007) argue that the general atmospheric circulation over EA is characterized by vivid seasonality and a three-dimensional structure. Besides the depressed EASM activity after the end of the 1970s, climate change in other aspects in EA-such as the enhancement and southwestward extension of the western Pacific subtropical high (Nitta FIG. 12 . Simulated temporal evolution of 500-hPa meridional temperature gradient along 358N (solid curves) represented by (358-558N, 708-1208E) minus (158-358N, 708-1208E) and its LVR (dashed lines) during 1979-2000. Units of temperature and LVR are 8C and 8C decade 21 , respectively. and Hu 1996; Hu 1997) , the cooling trend in the upper troposphere and lower stratosphere, and the warming trend in the mid-and lower troposphere-have also been documented (Duan 2007) . Other factors, for example, the SST of global oceans, snow cover and soil moisture in Eurasia, and the natural variability of the climate system, may also contribute to these changes to a certain degree.
As discussed in Part I, the enhanced radiative cooling of air column is listed along with other factors for the weakening trend in the atmospheric heating source over the TP. This might be related to the decreased in situ total cloud amount (Duan and Wu 2006) , because the plateau climate is characterized by intense radiative cooling, solar radiative heating, and more important modulating effects on the local cloud amount. Therefore, compared to the large-scale circulation shift induced by global warming, the enhanced radiative cooling effect over the TP may be associated more directly with local climate change. A detailed physical interpretation is then required.
Moreover, the response of the EASM to such a trend in the heating source over the TP still remains unknown. Numerical simulation studies will be carried out in our future work to answer this question.
